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Telescope Array Collaboration
5 countries, 33 institutions, 124 members
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Telescope Array Experiment
FD (HiRes)

SD

•Desert in Utah, US (1400m a.s.l.)

•507 Surface Detectors (SDs)
•Two layers of Plastic 
scintillator (3m2)
•1.2km spacing

•3 Fluorescence Detectors (FDs)

•FD observation : from Nov 2007
•SD observation : from May 2008

FD 
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Fluorescence Detector

4
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Fluorescence Detector station at BR/LR site
BR/LR site：new telescopes for TA

Field of View:
•Elevaton:3~33o

•Horizontal: 108o
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Fluorescence Detector station 
at MD site

Transferred from HiRes
• 14 cameras/station
• 256 PMTs/camera
• 3o-31o elevation with 1o pixel
• 114o in azimuth
• 5.2m2 mirror
• S/H electronics
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TALE FD: TA Low Energy Extension

MD FD TALE FD

TALE FD
• 10 telescopes
• High elevation angle (31-59 degrees) to 
see low energy showers

• Observation was started since fall 2013

Nearby events 
with Cherenkov
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Shower Analysis of FD

Shower

LR B
R

Fluorescence
Scattered Cherenkov

Profile Fit
by Inverse Monte Carlo

Mirror view Red points: Data
Blue line:
Fitted Function 

Timing Fit
for geometry

Zenith: 44.7deg
Azimuth: 139.8deg
Core: (12.96, -7.94)km

LogE: 19.5
Xmax: 740 g/cm2

Resolutions (Hybrid):
~1 degrees of arrival direction
~7% of energy
~ 20g/cm2 for Xmax

Shower geometry reconstruction:
• Stereo : crossing of two 

shower-detector planes
• Monocular : timing information 

of each PMT
• Hybrid : monocular + SD timing



9

9Surface Detector
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Surface Detector array 

• Two layers of the 3m2

plastic scintillators
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Shower Analysis in SD
Lateral distribution at the ground 

• Geometry: Time fit (~1.5deg.)
• Energy ESD(MC): Primary estimated by 

S(800) and Zenith angle by using MC (~20%)

Event Display

Timing fit
(Geometry

)

LDF fit
S(800)

secΘ
log

10
S(
80

0) Energy table
Constructed from MC

(Corsika, Proton)

ESD(MC)

S(800)

Rescale the SD energy 
to the FD energy

EFD = ESD(MC)/1.27

Energy
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Energy Spectrum
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TA SD 7 year spectrum

Piece-wise power-law fit

Log(E/eV)	ankle

=	18.70	± 0.02

Power	index	

= -3.30 ± 0.03	

Power	index	

= -2.68 ± 0.03	

Log(E/eV)	GZK

=19.78	± 0.06	 Power	index	

= -4.55 ± 0.56	

Nexpect (>	GZK,	no	cut-off)	 						:	99.332
Nobserve (data	>	GZK)															:	44

GZK	CHANCE	PROBABILITY							 :	4´10-10 ~ 6s
BEREZINSKY	E_1/2,	log10(E/eV)	 		:	19.77	± 0.06
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Going below 1018eV: TALE FD
• Events with high Cherenkov 

fraction used to be discarded 
by previous experiments

• Have learned how to analyze 
using Profile constrained 
Geometry Fit (PCGF) method

Energy resolution: ~15%
Xmax resolution: ~40g/cm2

• FD monocular mode
• After the construction of TALE SD, 

those are improved by the Hybrid
technique

Cherenkov event Mixed (Fluorescence + Cherenkov)
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TA	SD	7yr	+TALE	1yr	

energy	spectrum
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A single unified energy scale for 
the measurement of four features
Study the transition region from Galactic to Extra-galactic cosmic ray flux

Extended coverage including 
four cosmic ray spectral 
features in the UHECR
• GZK? suppression1019.78 eV
• Ankle 1018.7 eV
• Second Knee 1017.3eV
• Low-energy ankle 1016.3eV
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Composition
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Xmax measurement in TA

Multiple Xmax measurements
for the systematic cross check
• Stereo
• MD Hybrid
• BR/LR Hybrid
• (Monocular)

Xmax, depth of the shower maximum,
is the composition-sensitive parameter
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Results of <Xmax> measurements 
Stereo

BR/LR	Hybrid

MD	Hybrid
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Comparison with the model
• Comparison with QGSJET-II-03 model
• (data-iron) / (proton-iron)
• “Light” composition
• Interaction model dependent

Fe

P

He

N

Fe

P

He

N

QGSJET-II-03 EPOS-LHC
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p-air 
cross section

σp-air(inelast.) @ 95TeV of √S is 
567.0±70.5[Stat.] (+25,-29)[Sys.] mb

L= 50.47 ± 6.26 [stat.] g/cm2

sources Systematic 
[mb]

Model +- 17
20% He +18

Gamma < 1% -23
Total (+25, -29)

Λ = KΛp-air = K(14.45 mp/σp-air)
K: Model dependent factor

Using deeply penetrating particles 
→ the tail of Xmax distribution 
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UHE photon

TA FD (Hybrid)

TA SD

Using Xmax measured by the TA FD

• Young shower
• Less muons
→ front coverture, Area-over-peak, 
number of  peaks in FADC, χ2
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Anisotropy: Hotspot
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Hot	spot	1
Previous Report (2014) 

Indication of the UHECR “hotspot” 
Chance prob. from the isotropy : 3.7x10-4 (3.4σ) 

" We test this result using the latest data 

Ex
c

e
ss
 

D
e

fic
it 

A
ve

. 

4 

Abbasi, R.U., et al., ApJL, 790, L21 (2014) 

5-Year Data by TA 
Procedure:
• TASD data which have more than 57EeV
• Summed in 20 degrees circles (oversampling)
• Significance calculated using Li-Ma : 5.1 σ (pre-trial)
• Chance probability to observe this significance is considered : 3.4 σ

(post-trial)
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Hotspot update : 7 year
First 5 year data : 72 events
New 2 year data : 37 events

Total: 109 events

Period Total Signal B.G. Chance Prob.
6-th Year 15 3 0.94 7%
7-th Year 22 1 1.37 74%
6th + 7th 37 4 2.31 20%
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7 year excess map

Max significance 5.1σ (NSIG = 24, NBG=6.88) for 7 years
Centered at R.A=148.4°, Dec.=44.5° (shifted from SGP by 17°)
Global Excess Chance Probability: 3.7´10-4 :  3.4s

(~ same as first 5 years)
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All Sky Survey with TA&PAO 

12 

       Northern TA :   7 years 109 events (>57EeV) 
Southern Auger : 10 years 157 events (>57EeV) 

Oversampling with 20°-radius circle 

Southern hotspot is seen at Cen A(Pre-trial ~3.6σ) 

No correction for 
E scale difference 
b/w TA and PAO !! 
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Ursa Major Cluster 
(D=20Mpc) 

Virgo Cluster 
(D=20Mpc) 

Dots : 2MASS catalog Heliocentric velocity <3000 km/s (D<~45MpC)  

Nearby Galaxy Clusters 
Perseus-Pisces  
      Supercluster  
         (D=70Mpc) 
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TA hotspot is found near the Ursa Major Cluster 
TA & PAO found no excess in the direction of Virgo. 

Huchra, et al, ApJ, (2012) 

Centaurus  
Supercluster (D=60Mpc) 

    Eridanus  
  Cluster  
(D=30Mpc) 

    Fornax Cluster 
 (D=20Mpc) 
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Future of TA
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TAx4 
TALE

TAx4: High energy extension
• Quadrature TA SD (~3000km2)

• 500 SDs
• 2.08km spacing
• Approved in Japan (April 2015)

• Two additional FDs
• The Utah TAx4 FD proposal has 

been accepted by the NSF 
(New!!)

TALE SD: TA low energy extension
• 40 SDs for 400m spacing
• 36 SDs for 600m spacing
• Approved in Japan (April 2015)
• Mode energy of SD: 1016.5 eV
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TAx4/TALE detector construction 
was started !!

SDの製作@明星電気

• 明星電気で100台製作終了
(～5.4台/1日)

• ～木戸, 斉藤関野 from ICRR
• ～6 人+1 監督 from 明星電気
• 12台はCRC到着
• 88台は輸送中
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• 100 of SDs has been shipped 
to Utah

• Additional assemble in Japan is 
scheduled on next August

• First deployment will be in this 
winter (depends on the 
permission from the BLM)
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Other activities in TA site
Bistatic radar (TARA)

Lightning mapping array
(TA-LMA / TA-LLS)

Radio with accelerator Single (or few) pixel FD

Non-imaging Cherenkov array
(NICHE)

EUSO prototype (TA-EUSO)

Brought the microwave observation system 
to the Telescope Array Observatory 
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Summary
• TA entered 9th year of observation

• Physics results:
• Wide-range energy spectrum which has 4 features
• “Light” composition from 1018.2eV
• p-air cross section at √S = 95TeV
• Photon upper limit from 1018eV
• Hotspot in 7 years SD data

• Future of TA: Higher/Lower energy extension
• TAx4 SD : Approved in Japan (2015) 
• TAx4 FD : Accepted in US (2016)
• TALE SD: Approved in Japan (2015)


